Context. Methanol masers at 6.7 GHz are well known tracers of high-mass star-forming regions (HMSFRs). However, their origin is still not clearly understood. Aims. We aimed to determine the morphology and velocity structure for a large sample of the maser emission with generally lower peak flux densities than those in previous surveys. Methods. Using the European VLBI Network (EVN) we imaged the remaining sources from a sample of sources that were selected from the unbiased survey using the Torun 32 m dish. In this paper we report the results for 17 targets. Together they form a database of a total of 63 source images with high sensitivity (3σ rms =15-30 mJy beam −1 ), milliarcsecond angular resolution (6-10 mas) and very good spectral resolution (0.09 km s −1 or 0.18 km s −1 ) for detailed studies. Results. We studied in detail the properties of the maser clouds and calculated the mean and median values of the projected size (17.4±1.2 au and 5.5 au, respectively) as well as the FWHM of the line (0.373±0.011 km s −1 and 0.315 km s −1 for the mean and median values, respectively), testing whether it was consistent with Gaussian profile. We also found maser clouds with velocity gradients (71%) that ranged from 0.005 km s −1 au −1 to 0.210 km s −1 au −1 . We tested the kinematic models to explain the observed structures of the 6.7 GHz emission. There were targets where the morphology supported the scenario of a rotating and expanding disk or a bipolar outflow. Comparing the interferometric and single-dish spectra we found that, typically, 50-70% of the flux was missing. This phenomena is not strongly related to the distance of the source. Conclusions. The EVN imaging reveals that in the complete sample of 63 sources the ring-like morphology appeared in 17% of sources, arcs were seen in a further 8%, and the structures were complex in 46% cases. The ultra-compact (UC) H II regions coincide in position in the sky for 13% of the sources. They are related both to extremely high and low luminosity masers from the sample.
Introduction
The 6.7 GHz methanol maser line (Menten 1991 ) is closely associated with massive young stellar objects (MYSOs) (e.g. Breen et al. 2013 and references therein) and is used for the identification of these regions. However the question 'where does the 6.7 GHz methanol maser arise?' is still not answered. The detailed spatial structure of methanol maser emission derived using the very long baseline interferometry (VLBI) provided a few clues to their origin. For example, linear structures with velocity gradients were interpreted as parts of circumstellar disks seen edge-on (Minier et al. 2000) . However, they could also have been created when a planar shock propagated through a rotating dense mole cular clump (Dodson et al. 2004) or in outflows (De Buizer & Minier 2005) . Various structures have also been detected: simple -containing a few maser spots -curved, complex -with no regularity in the velocity distribution -and paired (Norris et al. 1993; Philips et al. 1998; Walsh et al. 1998; Minier et al. 2000) . Proper motion studies have resulted in valuable information, however they have only been undertaken for a few targets. report that in G16.59−0.05 the 6.7 GHz methanol masers originate in a disk or toroid, which is rotating around a MYSO. In G23.01−0.41 they detect slow motions of radial expansion and rotation related to this maser line . Goddi et al. (2011) measure an infall of a molecular envelope onto an intermediate-to high-mass protostar using 6.7 GHz methanol maser spots. In IRAS 20126+4104 Moscadelli et al. (2011) identify that one group of methanol masers was rotating in the disk and a second one was moving away perpendicularly from the disk, probably tracing the disk material was being marginally entrained by the jet.
To put more constraints on the methanol maser's origin, we performed imaging of the 6.7 GHz methanol maser line at a milliarcsecond (mas) scale with a few mJy sensitivity using the European VLBI Network (EVN 1 ) for a sample of sources that were discovered in a blind survey of the Galactic plane 20
• < l < 40 • and |b| < 0.
• 5 using the 32 m Torun dish (Szymczak et al. 2002) . The main aims were to obtain accurate coordinates at a level of a few mas and to determine the morphology for a large sample of sources for which the peak flux densities, measured with the 32 m dish, were lower compared to previous VLBI studies, the median being 18 Jy. In Bartkiewicz et al. (2009) we present 31 images of the 6.7 GHz methanol maser emission. The diversity of morphologies was observed as being similar to previous observations. However, a new class of objects, the ring-like structures, was reported. Similar categories were observed using the East-Asian VLBI Network (EAVN) by
Observations

Target selection
The sample from this work was derived from the untargeted observations of the 6.7 GHz methanol maser line of the Galactic plane area 20
• <l<40
• and |b|<0.
• 52 (Szymczak et al. 2002) . We selected 18 target sources whose positions were not measured with the radio interferometers by Walsh et al. (1998) and Bartkiewicz et al. (2009) . Their coordinates have been refined with MERLIN (Wong-McSweeney 2008) to achieve the astrometric accuracy required for follow-up VLBI studies. The MERLIN data for the sources G20.24+00.07 and G35.00+00.34 suggest that they are double, therefore two pointing positions were scheduled for each of them. A total of 20 pointing positions were observed (Table 1) .
EVN observations
The EVN observations were carried out at 6668.519 MHz on 2009 May 31 (Run 1), June 1 (Run 2), and on 2010 March 12 (Run 3) and 13 (Run 4) for 10 hr each. The following antennas were used: Cambridge, Jodrell Bank, Effelsberg, Medicina, Onsala, Noto, Torun, Westerbork, and Yebes. The Onsala antenna was not used in Run 1, while the Cambridge and Jodrell Bank antennae were not used in Run 3. A phase-referencing scheme was applied to determine the absolute positions of the targets at the level of a few mas. The reference sources and their angular separations from the targets are listed in Table 1 . We used a cycle time between the maser and phase-calibrator of 195 s+105 s. This yielded a total integration time for each individual source of ∼50 min. The bandwidth was set to 2 MHz yielding 90 km s −1 velocity coverage. In Table 1 we list the local standard of rest (LSR) velocity range for each source. Data were correlated at JIVE with 1 s integration time and 1024 spectral channels. The field of view over which the response to point source was degraded by less than ∼10% was 37 , and the spectral resolution was 0.089 km s −1 .
Data reduction and imaging
The data calibration and reduction were carried out with the Astronomical Image Processing System (AIPS), developed by the National Radio Astronomy Observatory (NRAO). We used standard procedures for spectral line observations and the Effelsberg antenna was set as reference. The amplitude was calibrated through measurements of the system temperature at each telescope and application of the antenna gain curves. The parallactic angle corrections were subsequently added to the data. The source 3C345 was used as a delay, rate, and bandpass calibrator. The phase-calibrators J1825−0737, J1834−0301 and J1907+0127 were imaged and flux densities of 265, 180 and 160 mJy were obtained, respectively. During Run 3, the flux densities of J1834−0301 and J1907+0127 were found to be lower: 150 and 133 mJy, respectively. The maser data were corrected for the effects of the Earth's rotation and its motions within the solar system and towards the LSR. To find the positions of the emission for each target, we created a dirty map of size 8 ×8 centred at the pointing position of the brightest feature (Table 1 ) seen in the vector-averaged spectrum. In the case of the clear appearance of a maser spot, we produced a smaller map (1 ×1 ) centred at its position. When the emission was not seen in the large dirty map, we imaged the region nearby consistently, shifting the map centre in right ascension and declination in the range from −18 to 18 . This allowed us to find emission towards most of targets. Then we ran a self-calibration procedure using the clean components of the compact and bright maser spot map. The first map was applied as a model to keep the unchanged absolute position of the dominant component. Finally, naturally-weighted maps of spectral channels were produced over the velocity range where the emission was seen in the scalar-averaged spectrum. A pixel separation of 1 mas in both coordinates was used for the imaging. The resulting synthesized beams are listed in Table 1 . The rms noise level (1σ rms ) in emission line-free channels was typically a few mJy for each source. To obtain the spectrum of each source, we recovered the flux density from an image cube using the task ISPEC integrated over the masing area.
To fit two-dimensional Gaussian models and to obtain the positions of the methanol maser spots in all channel maps, we used the AIPS task JMFIT. The formal fitting errors were typically less than 0.1 mas. The absolute position accuracy of maser spots was about a few mas (Bartkiewicz et al. 2009 ). In the case of two objects G24.33+00.14 and G32.744−00.076 the absolute position uncertainty was larger because the phase-referencing failed (no emission was found on large maps successfully shifted in the field of view) and the FRING task was used. For the first source we list the coordinates obtained using the EVLA (Hu et al. in prep.) and for the second source we list the coordinates and uncertainties estimated from the EVN dirty image. They are consistent with results presented by Breen et al. (2015) .
No emission was found in the object G30.21−00.17 at the coordinates from Wong-McSweeney (2008) . Nothing was also reported in that direction by Breen et al. (2015) . However, based on this data set, we imaged the emission G30.224−00.180 at the coordinates reported by Breen et al. (2015) for this source. No emission was also found towards the position given by the first entry for G35.00+00.34 in Table 1 . Breen et al. (2015) also did not report any source there. The non-detection of these two sources is likely because of misidentification in WongMcSweeney (2008) and not because of their variability. We also did not obtain proper images for two sources, G21.56−00.03 and G38.26−00.07, although the emission (which was a few times weaker compared to single-dish data) in the spectra was seen and the input coordinates are consistent within 2" of those in Breen et al. (2015) . Among possible reasons for this failure may be a poor uv-coverage, too faint emission or/and too distant (2.
• 78 and 3.
• 56) phase-calibrators.
Results
A total of 17 targets were successfully imaged. Table 2 contains the revised source name (the Galactic coordinate of the peak flux density), the coordinates, the velocity of the brightest spot (V p ), its intensity (S p ), the velocity width of emission (∆V), the dis- tance estimates and the morphology class. The distribution of the maser emission and the spectrum for each source are shown in Figs. 1 and A.1. When the emission appeared in at least three consecutive spectral channels, coinciding in position within half of the synthesized beam, we defined it as a maser cloud and verified its properties. These clouds with Gaussian velocity profiles are summarised in Table B .1 and presented in Fig. A .2. For each target, the following parameters are listed: relative position of the brightest maser spot (∆RA, ∆Dec), its velocity (V p ), and flux density (S p ), fitted velocity (V fit ), line full width at half maximum (FWHM) and flux density (S fit ). In addition, the projected length (L proj ) and, if detected, the velocity gradient (V grad ) are given. We calculated the kinematic distances using the code of Reid et al. (2009) , assuming that the systemic velocity of each source is equal to the peak velocity of its 6.7 GHz maser emission. For a few objects the distance ambiguity has been resolved or the direct estimation of the distance through the trigonometric parallax was available in the literature (Table 2) , whereas for the other sources we adopted the near kinematic distances.
We have also classified the obtained maser emission according to the criteria presented in Bartkiewicz et al. (2009) . This classification was done by eye and based on the projected-onthe-sky distribution of maser spots, which is summarised in Table 2. 3.1. Individual sources G20.237+00.065 and G20.239+00.065 There are two distinct maser sources separated by 8. 6 that corresponds to 38100 au (0.18pc) for the near kinematic distance of 4.4 kpc (Fig. 1) . The source G20.237+00.065 consists of 102 maser spots in the LSR velocity range from 68.2 to 77.6 km s −1 and the source G20.239+00.065 consists of 37 maser spots in the two velocity ranges: 60.1-63.3 km s −1 and 70.1-71.1 km s −1 . The maser spots of source G20.237+00.065 show a complex distribution over ∼880 au×880 au without any regularity in velocity. Source G20.239+00.065 is extended in the east-west direction over an area of ∼220 au×880 au. The coordinates from the EVN maps agree within ∼70 mas with those determined from the East-Asian VLBI Network observation (Fujisawa et al. 2014) but the morphologies of both maser sources appear more complex owing to the higher sensitivity and better spectral resolution of EVN. Caswell (2009) , using the Australian Telescope Compact Array (ATCA), first recognized the site as two maser sources in the velocity range from 60 to 78 km s −1 . We note that his value of the declination of source 20.239+00.065 differs by 1. 1 from ours, that is within the ATCA uncertainty. Source G20.237+00.065 coincides with the OH maser emission at 1665, 1720, and 6035 MHz (Caswell 2003 (Caswell , 2004 . No OH emission was found towards G20.239+00.065 (Caswell 2009 . The morphology is ring-like with a few spots lying 50-100 mas offset to the south-west direction (Fig. 1) . Using the GNU Octave script developed by Fitzgibbon et al. (1999) , the ellipse fitting to the majority of spots of G22.435−00.169, excluding a few blueshifted spots, gives values 192 and 82 mas for the major and minor axes with the position angle of the major axis of −61
• . The relative coordinates of the ellipse centre are 46 mas and −73 mas (Fig. 1) . For the assumed distance of 2.2 kpc the ellipse size corresponds to 422 au×180 au. The coordinates and emission range agree well with those observed with the ATCA (Caswell et al. 2009 ). The 6035 MHz OH masers coincide within ∼1 with the methanol emission (Caswell 2001) .
G23.010−00.411
We found 361 methanol maser spots in the velocity range from 71.8 to 83.4 km s −1 (Fig. 1) . The brightest spot of 72.6 Jy beam −1 appeared at 74.7 km s −1 . The blueshifted part of the emission is generally located in the northern elongated structure, while the redshifted one is located in the southern structure. A total extent of maser emission is 0. 6×0. 6 and the morphology closely matches that seen in the previous EVN observations ).
G24.33+00.14
The source consists of three groups of maser spots separated by ∼0. 2-0. 4 (Fig. 1) . The most redshifted emission, which is composed of eight spots, originated from the northern group, the blueshifted emission of 21 spots was located to the south, and the emission at the intermediate velocities came from eight spots of the western group. The emission was so weak (S p =1.62Jy beam −1 ) that the map was obtained using additional phase calibration with FRING. Table 2 gives the coordinates taken from the EVLA observations in 2012 (Hu et al. in prep) . Comparison of the two data sets revealed that the spectrum from EVN is three times weaker than that from EVLA; the redshifted emission near 115 km s −1 was not seen in the EVLA maps, whereas the extreme redshifted emission near 119 km s −1 was only detected with the EVLA. This suggests that the source experienced strong variability. Indeed, the single-dish monitoring revealed an outburst in 2011 (Szymczak et al. in prep.) .
G24.494−00.038
The source has a complex morphology where 73 methanol maser spots in the velocity range from 107.9 to 116.2 km s −1 are distributed over a region of 0. 4×0. 4 (Fig. A.1 ). It corresponds to 2320 au×2320 au for the assumed near kinematic distance of 5.8 kpc.
G24.790+00.083
This source contains two groups of masers, each with a ring-like distribution (Fig. A.1 ). We found 98 spots located in the south-east and 73 spots in the northwest, separated by ∼1. 5 that corresponds to 11550 au for the 7.7 kpc distance. Moscadelli et al. (2007) explored this region with methanol and water masers, and compared it with available thermal continuum and molecular line tracers. Our methanol groups correspond nicely to their masers, which are associated with G24 A1 and G24 A2 mm subcores. Because we had four times better resolution in velocity, we detected more methanol spots within the same velocity range 106.3-116.8 km s −1 . We note that the overall structure persisted for six years.
G24.850+00.087
In this source 73 maser spots are spread over a region of 110 mas×90 mas that corresponds to 880 au×720 au for a distance of 8 kpc. The maser emission was detected in the velocity range from 107.7 to 115.6 km s −1 . The blueshifted emission, i.e., at velocities lower than ∼111 km s −1 ), is concentrated in the north-east, while the redshifted emission is found in the south-west (Fig. A.1) . Becker et al. (1994) detected a 5 GHz radio continuum souce lying approximately 2. 9 westward from the masers. The H II region is also listed in the JVLA sample (Hu et al. in prep.) .
G28.011−00.426 This source contains 61 maser spots in the velocity range from 15.8 to 28.5 km s −1 (Fig. A.1 ). The blueshifted emission (15.8-18.0 km s −1 ) is spread over a region of 100 mas×100 mas, while the redshifted spots (23.3-28.5 km s −1 ) are concentrated in the eastern group of size 20 mas×20 mas.
G29.978−00.048 157 spots from the LSR velocity range from 96.7 to 105.6 km s −1 were detected (Fig. A.1 ). The emission of complex morphology is distributed over a region of 150 mas×150 mas that corresponds to 1320 au×1320 au for the far kinematic distance of 8.8 kpc. We note that the blueshifted emission is located in the northern elongated structure, whereas the redshifted emission forms the extended structure located in the south.
G30.198−00.169 The emission of a total of 107 spots occurs in the velocity range of 100.6 − 111.0 km s −1 . The redshifted and brightest emission comes from a small region located in the north-east (Fig. A.1) . Here, 51 spots of blueshifted and weak (∼0.1-1 Jy beam −1 ) emission are distributed over 250×100 mas area in the south-west. Our coordinates differ by about 3" in declination to those obtained by Xu et al. (2009) using ATCA, but are consistent with Breen et al. (2015) .
G30.224−00.180 We detected 43 maser spots covering a velocity range from 111.0 km s −1 to 114.0 km s −1 (Fig. A.1 ). This source, the most compact one in the angular size among the sample presented in this paper, is distributed over a region of 50 mas×20 mas, which corresponds to 330 au×132 au. The emission was found according to Breen et al. (2015) coordinates, using data for G30.21−00.17 with a significant shift (78" in RA and 35. 6 in Dec) (Sect. 2.3).
G32.744−00.076 Two major groups of maser spots are separated by ∼1" from each other (Fig. A.1 ). This angular separation corresponds to 11800 au for the far kinematic distance of 11.8 kpc, as derived by H I self-absorption method (Green & McClure-Griffiths 2011) . In this case, these two groups of masers are unlikely to be physically related. For the near kinematic distance of 2.3 kpc, the separation would be 2300 au. The redshifted emission in the velocity range of 36.2−39.4 km s −1 emerges from the northern elongated structure of ∼160 mas length. The blueshifted emission (28.3−34.5 km s −1 ) in the south forms a complex structure of size ∼200×300 mas. The OH 1665 MHz emission shows a similar morphology and velocity range (Argon et al. 2000) . Caswell (2001) reports the OH 6035 MHz emission and there may also be a water maser emission in the region (Caswell et al. 1983) . However, an uncertainty of the absolute position in declination is large and we are not able to verify the detailed association.
G34.245+00.134 The source contains 86 spots in the velocity range from 54.5 to 62.7 km s −1 , distributed over a region of 150 mas×150 mas ( Fig. A.1 ). The blue-(<58.5 km s −1 ) and redshifted (>58.5 km s −1 ) emissions are located in the west and east, respectively. Caswell et al. (1995b) reported weak 12.2 GHz methanol emission at the velocity of the blueshifted 6.7 GHz emission. The methanol masers coincide with a submm source that was identified with a deeply embedded proto-B star (Hunter et al. 1998 ). The EVN images from 1999 showed a similar complex structure, but with a much stronger blueshifted emission (Yi et al. 2002) .
G34.258+00.153 This source lies 1. 4 to the north-west from G34.245+00.134 and the emission from the narrow range from 56.5 to 58.3 km s −1 is 2-3 times stronger. Six of the most blueshifted spots lie to the east, while the remaining 19 spots are grouped to the west (Fig. A.1 ). Both groups are separated by ∼150 mas that corresponds to 510 au at a distance of 3.4 kpc. They are also in agreement with earlier EVN images (Yi et al. 2002) . This site is known as the prototypical cometary ultracompact (UC) H II region (e.g. Garay et al. 1986 ). The methanol masers lie close to the west side of the B component that meets the criteria of HC H II region (Garay et al. 1986; Avalos et al. 2009; Sewiło et al. 2011 ). Caswell et al. (1995b detected the 12.2 GHz methanol maser emission and absorption in the same velocity range as that of the 6.7 GHz maser. A weak (0.6 Jy) OH emission found at 6035 MHz (Caswell 2001 ) coincides within 0. 5 with the 6.7 GHz maser. Water masers were also detected at velocities from 50 to 65 km s −1 but they are offset by ∼1" from the methanol masers to the south (Hofner et al. 1996) . OH 1665 MHz spots are closer; they coincide with the peak or lie on the east side of the HC H II component B lying ∼0. 2-1" from the blueshifted methanol maser spots Zheng et al. (2000) .
G34.396+00.222 Methanol emission appears in 69 spots between 55.3 to 63.1 km s −1 (Fig. A.1 ). There are two groups of masers that are separated by ∼130 mas, which corresponds to 470 au at the distance of 3.6 kpc. The maser lies at the southern edge of a mm source that may contain massive B0.5 pro- He et al. (2012) . In the remaining targets the near kinematic distances were assumed.
tostar (Rathborne et al. 2005) . The source belongs to the complex region which contains more than 20 cluster members (e.g., Shepherd et al. 2007 ).
G35.025+00.350
The source contains 79 maser spots within the velocity range from 41.3 to 46.8 km s −1 (Fig. A.1 ). The methanol emission comes from a linear structure of a size of ∼450 mas (1040 au) aligned along the position angle of −30
• (north to east). No velocity gradient is seen over the whole maser region. Pandian et al. (2011) 
Discussion
In this section we discuss and summarise the results of imaging the large sample of 6.7 GHz methanol maser lines, their structures, and milliarcsecond details. We test the kinematic models available in the literature and search for radio continuum counterparts. Using single-dish data, we can also study the missing flux of the interferometer maps.
VLBI morphology
Here, we classify the maser emission that was obtained according to the morphologies presented in Bartkiewicz et al. (2009) : single, linear, curved, complex, double, ring-like (Table 2) . We agree with Pandian et al. (2011) that, in many cases, the VLBI resolves a significant fraction of the maser emission and it may happen that some sources may have been classified incorrectly because of this. However, as we discuss in Sect. 4.6, weak and diffuse maser emission that is filtered out is likely from halos of maser spots in majority of cases and the overall emission extent is also seen on the VLBI images.
In conclusion, 12 sources are classified as complex (e.g. G20.237+00.065). In these targets we do not note any regularities in spatial distribution nor overall velocity gradients. Two sources, G24.790+00.083 and G32.744−00.076, can be classified as pairs (angular separation of ∼1") although the velocity separation between two groups of masers are less than 10 km s −1 as originally defined in this class of morphology by Phillips et al. (1998) . Taking substructures of every source into consideration, we note that in G24.790+00.083 two groups of methanol maser show a ring-like morphology, while in G32.744−00.076 we see the arc and linear distributions in the south and north, respectively. The remaining sources either show a ring-like emission (G22.435−00.169) or a linear one (G20.237+00.065 and G35.025+00.350).
Taking the complete sample of 63 targets, we can summarise that by using the EVN we derived the following morphologies: simple in one source, linear in 13 sources, ring-like in 11, arched in five, pair in four cases, and the remaining 29 showed a complex morphology.
In general it is difficult to relate the 6.7 GHz maser morphology at the mas scale to the specific physical phenomena and pinpoint the position of the MYSO. Even the ring-like sources do not bring a direct implication of where MYSOs are (De Buizer et al. 2012 Table 2 (the (0,0) locations).The colors of circles relate to the LSR velocities as shown in the spectra. Note, that in the first target the scale in distribution is presented in arcsec, while the rest of sources are described by a mas scale. The grey ellipses mark the best-fit ellipses for the sources with the ring-like morphology. The plots for the remaining targets are presented in the online material (Appendix A). is going on in these HMSFRs combined with high-angular studies at other wavelengths like infra-red or radio continuum (e.g. Moscadelli et al. 2007; ).
Maser clouds
In total we extracted 201 maser clouds with Gaussian velocity profiles towards all 17 targets ( G30 .198−00.169) and 0.529 (Cloud 6 in G35.025+00.350), respectively. All these values correspond nicely with the previous sample that was presented earlier in Bartkiewicz et al. (2014) .
In Fig. 2 we summarise the relationship between the luminosity of a single methanol maser cloud and its velocity gradient. The luminosity was calculated according to the formula:
−7 L with a mean of (7.9±1.2) × 10 −7 L . In addition, we plotted the data from Bartkiewicz et al. (2014) (Fig. 2) . They are all consistent: we do not notice any trends; low and high luminous clouds have similar gradients.
'Amplification-bounded' maser
We note two interesting cases among all 201 maser clouds with the Gaussian velocity profiles: Clouds 1 in G22.435−00.169 and 5 in G24.33+00.12 ( Fig. A.2 ) in which the double Gaussian fittings give two lines that have significantly different FWHMs with ratios of the wider to narrower line of 5 and 7, respectively. The peak velocities of the narrow and wide features are slightly different. In Fig. A.3 , we present the four brightest spots from the wider and narrower velocity profile components of G22.435−00.169. The subtraction of different spots shows that the 'emission excess' (at 39.9 km s −1 ) is located in the same position as the emission at remaining velocities (Fig. A.3) . However, the signal-to-noise ratio at the relevant image is only 4, in which case we cannot be conclusive. In G24.33+00.12, however, the subtracted images show the signal-to-noise ratio above 10 and it is clear that both components come from the same region within the beamsize (Fig. A.4) .
We verified a relationship between an observed component's size and intensity using the method described in Richards et al. (2011) to distinguish between 'amplification-bounded' and 'matter-bounded' masers. These terms were defined by Elitzur et al. (1992) concerning the maser geometry and a beaming type. From any given direction a spherical maser appears identical to a cylindrical maser aligned along the line of sight. However, in the spherical maser the observed size is significantly smaller than the physical size as a result of the beaming, i.e. the strong the amplification, the smaller the observed area. This is referred to as an 'amplification-bounded' maser. In the cylindrical maser, the projected physical size is equal to the observed one and the beaming is controlled by the matter distribution, i.e. 'matterbounded' maser. We plot a deconvolved maser spot size vs. natural logarithm of its peak flux density, with both values derived using the JMFIT procedure in AIPS (Fig. A.4) . The estimated slope is: α = −1.4 ± 0.6 and this suggests the existence of 'amplification-bounded' maser (Richards et al. 2011) . The gain decreases with frequency shift away from the line centre, the appearance of a spherical maser varies across the line profile; the observed area is smallest at line centre, increasing towards the line wings. Moreover, a slope steeper than −0.5 suggests a partially saturated maser. We note that the emission in G24.33+00.12 is resolved out up to 50%, comparing to that detected using the single-dish (see Sect. 4.6) and consequently the larger, fainter components are most severely affected. However, both the apparent spot size and flux density are reduced, so the 'net effect' is just to increase the uncertainty of the faintest components.
To the best of our knowledge these are the first cases of very narrow (<0.1 km s −1 ) features at 6.7 GHz which might be interpreted as 'amplification-bounded' masers. However, we note that the weakness of this interpretation is due to limited data in the fitting procedure; in fact the narrow Gaussian component is based on only one point (Figs A.3 and A.4) . Future VLBI studies with higher spectral resolution may help to examine this phenomenon. Moreover, the analysis of a large sample of maser clouds for the all 63 sources may bring more cases for verification, as presented above.
Kinematics models
Below, we test two kinematic models that exist in the literature and that can be applied to one epoch data of the presented sources in this work as a first approach; a rotating and expanding disk (Uscanga et al. 2008 ) and a bipolar outflow (Moscadelli et al. 2000 (Moscadelli et al. , 2005 . A detailed description of these models and fitting procedures is also given in Bartkiewicz et al. (2009) .
The ring-like methanol maser emission in G22.435−00.169 suggests it is physically associated with a rotating torus around a central object, probably a MYSO. Torstensson et al. (2011) report a similar elliptical structure for 6.7 GHz methanol masers in the nearby HMSFR Cep A. They conclude that methanol maser emission probably occured between the infalling gas and the accretion disk since the model of a rotating and expanding disk did not give a reasonable fit. When we apply the model of Uscanga et al. (2008) to maser spots in G22.435−00.169 (excluding the blueshifted group of spots at the LSR velocities from 28.6 to 29.0 km s −1 ) we also do not find a convincing solution. We tested the model for a range of the rotation and radial (an infall or an expansion) velocities from −20 to 20 km s −1 with a step of 0.2 km s −1 . The inconsistency with a rotating and expanding disk is clearly seen in the spot distribution (Fig. 1) , where the most blue-and redshifted spots are not located at the extreme positions, as would be expected for an inclined disk. We also note that without any additional information we cannot determine the sign of the inclination angle of the disk and the direction of the rotation as well as the expansion and infall are ambigous.
The rings in G24.790+00.083 are described in Moscadelli et al. (2007) . The 6.7 GHz methanol emission coincides with the mm subcores A1 and A2. The variations of LSR velocities across the masers agree with the velocity gradient that was observed using CH 3 CN line, with redshifted (∼112 km s −1 ) to the NE and the blueshifted (110.5 km s −1 ) to the SW. Moscadelli et al. (2007) point out that the velocity characteristics of methanol masers (with a three times larger spread of LSR velocity across a three times smaller region, compared to the thermal region) was consistent with the conservation of angular momentum and a rotation model of the cores was supported. With our new measurements with their better spectral resolution, we obtain good fits for the rotating and expanding/infalling disks for both maser rings. The northern group is fitted well with 2.2 km s −1 , 0.4 km s −1 , 110.7 km s −1 for the velocities of rotation, expansion, and the systemic one, respectively, with an inclination of a thin disk of 66
• (χ 2 ν = 102). The southern group is also reproduced nicely with the following parameters: 3 km s −1 , −4 km s −1 , 111.3 km s −1 , respectively with i=74
The fits of the model to the data are presented in Fig. 3 .
The source G32.744−00.076 also consists of two groups of masers separated by ∼1". However, the northern group is linear, while the southern one is arched. The fit of the rotating and expanding disk to the southern part gives the following parameters: velocity of rotation of −1.6 km s −1 , velocity of expansion of 0.8 km s −1 , systemic velocity of 31.1 km s −1 . However, the best fit still has a high value of χ 2 ν that equals 323. The northern linear structure, assuming that it represents an edge-on disk of a size of 1830 au (155 mas at 11.8 kpc), with a velocity gradient of 1.7 m s −1 au −1 would correspond to a mean central mass of 20 M using the method of Minier et al. (2000) . The available images of radio continuum in that region show H II regions with peaks separated by ∼0. 8 and surrounded by 1.6 GHz OH masers (Argon et al. 2000) . The distribution and morphology of 6.7 GHz methanol masers support the existence of at least two centres of star formation.
Below, we summarise the results of fitting the bipolar outflow model by Moscadelli et al. (2000 Moscadelli et al. ( , 2005 . The systemic velocity (V c ) was assumed as a central velocity of the 6.7 GHz maser emission. We obtained reasonable fits for nine sources. These are summarised in Table 3 , the vertex of the cone (∆RA, ∆Dec, both sampled with a step of 10 mas within the range of the whole visible emission, roughly corresponding to the size of the presented images in Figs. 1 and A.1) , the position angle of the x-axis that coincides with the projection of the outflow on the plane of the sky (PA) (with a step of 5 o ), the inclination angle between the outflow axis and the line of sight (i.e. the z-axis), Ψ (with a step of 10 o ), the opening angle of the outflow, 2θ (with Fig. 3 . Velocity of the maser spots in G24.790+00.083 north (top) and south (bottom) versus azimuth angle measured from the major axis (north to east). Circles represent the data, while the lines represent the best kinematical models of rotating and expanding disks with infintesimal thickness, as described in Sect. 4.3. The main parameters of the fit are listed in the figures. The N, E, S, and W directions are also indicated for clarity. al. (2000) . An example of the fitted outflow model is presented in Fig. 4 . We note that in all results the opening angle of the fitted outflow is large, 2θ above 112 o and, in fact, the outflow directed to the observer covers the whole area. This could be a characteristic of the outflows that are related to the current methanol maser sample or could indicate the weakness of the model. Among these nine sources, there are five towards which de Villiers et al. (2014) imaged the CO outflows. We do not find consistency between the alignment of 13 CO red-and blueshifted wings (with arcsecond resolution) and fitted projections of the outflows to methanol maser spot distributions. Moreover, they are usually perpendicular to each other. This shows the need for high-angular resolution studies using thermal lines to verify if the mas structure of methanol masers is associated with the large-scale outflows.
Bipolar morphology
The G23.010−00.411 source was studied in detail by with the internal parts of a molecular toroid. The disk scenario was also proposed by Polushkin & Val'tts (2011) after their analysis of the same 6.7 GHz methanol maser data set, one epoch only. We note that the characteristic of this source is a clear separation on the sky of the blue-and redshifted emission with a spatial separation of 0. 35 (1600 au) and a separation in velocity of ca.5 km s −1 (Fig. 1) . We note that the following targets from our sample show similar behaviour (the spatial and in velocity separations between blue-and redshifted groups are listed in brackets): G24.33+00.12 (2300 au, 5 km s −1 ), G24.494−00.038 (1200 au, 5 km s −1 ), G24.850+00.087 (800 au, 5 km s −1 ), G28.011−00.426 (110 au, 8 km s −1 ), G29.978−00.048 (600 au, 5 km s −1 ), G30.198−00.169 (600 au, 4 km s −1 ), G32.744−00.076 (two groups of masers would be physically related for the near kinematic distance; 2300 au, 5 km s −1 ), G34.245+00.134 (170 au, 4 km s −1 ), G34.258+00.153 (500 au, 1 km s −1 ). One can obtain the mass of the central object with the above parameters, assuming a Keplerian rotating disk. For five targets (G24.33+00.12, G24.494−00.038, G24.850+00.087, G30.198−00.169, and G32.744−00.076) we calculate masses of 6-16M , which supports the toroid scenario and physical relation to the molecular toroids around YSOs. In the remaining sources the derived masses are below 2.7M and are not convincing for HMSFRs. High-angular resolution data of continuum and/or infra-red emission are needed to verify this hypothesis and to confirm the existence of a YSO.
Radio continuum counterparts
We search the CORNISH catalogue to find the radio emission from possible associated H II regions (Hoare et al. 2012 , Purcell et al. 2013 ). Near four targets there are sources identified as UC H II regions, near one more there is an object described as a dark H II region. The details are summarised in Table 4 . In 12 cases there was no radio continuum emission within 30". However, we note that for source G023.010−00.411 there is no counterpart listed in the catalogue, but the VLA search detected emission at the 1.3 cm and 3.6 cm ). In the cases of G24.790+00.083 and G34.258+00.153, an association between the masers and UC H II regions is very likely since the separations are 0. 1 and 0. 6, which correspond to 770 au and 2000 au, respectively. In a dedicated VLA search, three more masers were related to radio continuum emission among 31 sources from the first part of our sample; these are: G24.148−00.009, G28.817+00.365 and G36.115+00.552 (Bartkiewicz et al. 2009 ).
2 Searching the CORNISH catalogue for H II counterparts for sources from Bartkiewicz et al. (2014) gives another two possible associations: G040.425+00.700 (sep- Histogram of luminosities of 6.7 GHz methanol masers imaged using EVN. The masers with UC H II counterparts are divided in two categories: the dedicated searches for the radio continuum emission were done (Bartkiewicz et al. 2009; ) and search from the CORNISH catalogue (Hoare et al. 2012 , Purcell et al. 2013 ).
aration of 0. 4 corresponding to 4600 au) and G043.149+00.013 (0. 3, 3300 au). In total, that provides eight (13%) associations or possible associations between 6.7 GHz methanol masers and UC H II regions among the sample of 63 sources. In Fig. 5 we present a histogram of the number of sources as a function of luminosity of 6.7 GHz methanol emission, as registered using the EVN. Four sources, G23.010−00.411, 24.790+00.083, 32.744−00.076, and G40.425+00.700 showed luminosity above 16×10 −6 L . Three of them are associated with radio continuum emission. This seems to agree with a suggestion of Breen et al. (2010 Breen et al. ( , 2011 that "more luminous 6.7 GHz methanol masers are generally associated with a later evolutionary phase of massive star formation than less luminous 6.7 GHz methanol maser sources". That still leaves five methanol maser sources with likely H II counterparts among the two lowest ranges of luminosity, below 4×10 −6 L (Fig. 5) . However, with this data set we are not able to convincingly test the dependence of the luminosity of the masers and the evolutionary phase of the central object.
Missing flux
We compared the methanol maser profiles presented in this work and the observations that were obtained using the 32 m Torun telescope with the dates as close as possible. The single-dish data are part of a monitoring programme described in Szymczak et al. (2012) . The calculated integral fluxes for both instruments are presented in Table 5 . The maser flux density obtained using the EVN (Sect. 2.3) is typically at a level of 30-50% of that detected by the single-dish. Two sources, G29.978−00.048 and G30.198−00.169, showed the missing fluxes at a level of only 25% and 7%, respectively. Three targets showed missing flux at the level of 81% and 75% (G24.33+00.14, G34.258+00.153, and G34.396+00.222). We do not note any special characteristics of these targets to explain this behaviour. This was also noted in the EAVN studies by Fujisawa et al. (2014) .
In Fig. 6 , we plot the ratios describing the missing fluxes and the distances. We consider the full sample, i.e. including data from Bartkiewicz et al. (2009 Bartkiewicz et al. ( , 2014 , for which the single-dish data were available. The interferometric data were recovered from consistently naturally-weighted image cubes in all cases. In total, 52 objects are plotted. The least-square fitting resulted in the following coefficients: a = 1.5±1.1, b = 37±7. We conclude that the missing flux does not strongly depend on the distance to the source. Comparison of the EVN data and images from shorter baseline interferometers for a few cases suggests that the missing flux in the EVN data was caused by resolving-out of the diffuse and weak maser emission that comes from the halos of maser spots. Source G23.010−00.411 was imaged using the VLA by Cyganowski et al. (2009) . Both interferometers show a similar extent of methanol maser emission, as well as the spot distribution. G35.025+00.350 was also imaged using the VLA (Cyganowski et al. (2009) and MERLIN (Pandian et al. 2011) . The same size and morphology, in particular with the MERLIN data, can clearly be seen. However the spectrum is twice as weak as that seen using EVN.
Conclusions
We successfully imaged the 6.7 GHz emission towards 17 targets and in 15 cases absolute positions with mas accuracy are given. We studied the characteristics of the velocity profiles of maser clouds. In two clouds out of 201, we found a narrow component imposed onto the wider one. We interpret this as the likely existence of an 'amplification-bounded' maser, but further studies are needed to confirm these type of phenomena. Considering the complete sample of 63 methanol maser sources that were imaged successively using the EVN, we find that one source showed the simple morphology (1.6%), 13 sources a linear one (21%), eleven showed ring-like (18%), five showed arched (8%), four showed paired (6.4%) and 29 showed complex morphology (45%). In the majority of sources, the missing flux is at the level of 30-50%. We do not find any clear dependence on a missing flux in a function of a distance to the source. Bartkiewicz et al. (2009 Bartkiewicz et al. ( , 2014 , respectively. The least-square fit to all points is presented by the black line and the dashed grey lines limit the region due to the uncertainties of the fit. -100, -90, ..., -10, 10, ..., 90, 100) Tables   Table B. 1. Parameters of 6.7 GHz methanol maser clouds with Gaussian velocity profiles. The coordinates are relative to the brightest spot of each source listed in 
